Introduction
GRN2SBML [1] is a tool that aims to ease the encoding of gene regulatory networks (GRN) in the systems biology markup language (SBML) [2] and therefore, aims to increase their accessibility for researchers and users. Two major problems arise in the task of encoding. Firstly, producing valid SBML code that adequately represents the features of GRNs and preserves the original mathematical framework in the best possible way. Secondly, adequate annotation of the model, its components and the role that each component has. GRN2SBML is designed to tackle these problems in a standardized way. Key features of GRN2SBML are:
Solely based on Java. Uses JSBML [3] to produce SBML code. Uses the BioMart and MIRIAM SOAP-based APIs to access annotation information. R interface to use GRN2SBML directly out of R. Modularized structure to add parsers for new, currently unsupported inference algorithms. 
Tutorial
This tutorial is a supplement to the corresponding publication Vlaic S, Hoffmann B, Kupfer P, Weber M, Dräger A (2013) GRN2SBML: automated encoding and annotation of inferred gene regulatory networks complying with SBML. Bioinformatics 29(17), 2216-2217. [Link] and is part of the additional material. Both, the additional material and the data needed for this tutorial can be downloaded using the link below. Please note that GRN2SBML was developed using the Oracle Java SE Runtime Environment. If you are running other JRE's the connection to BioMart, MIRIAM and SBMLsimulator will probably not work! If you encounter problems, please switch to this JRE before reporting bugs! This program is free software; you can redistribute it and/or modify it under the terms of theGNU General Public License as published by the Free Software Foundation, Version 3 This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License for more details.
I agree with the download to the license:grn2sbml bundle
The following sections will be used to give an example for each of the currently supported algorithms (april 2013). These algorithms are ExTILAR [4] , NetGenerator [5] and TILAR [6] . The ExTILAR section will be used to introduce general features of GRN2SBML and to explain some details regarding its GUI and the R-package. The NetGenerator section will demonstrate the use of features such as multiple stimuli in a network and the TILAR section will show how GRN2SBML can be used without the GUI and from the command line. Simulations of the network will be performed using SBMLsimulator [http://www.cogsys.cs.uni-tuebingen.de/software/SBMLsimulator/] and visualization will be demonstrated using Cytoscape [7] . In order to use Cytoscape, you will have to install the CySBML-plugin [8] via the plugin-manager.
ExTILAR
For the first example, we will use the transcription factor network (TFN) that was inferred by Vlaic et al. in the original ExTILAR publication [4] . This TFN models the adaption of murine hepatocytes to the change of culture medium after a period of starvation. The gene expression profiles of 22 differentially expressed transcription factors together with the mean expression profiles of 6 clusters derived by clustering of the remaining differentially expressed genes were used to identify relations between these TFs and therefore, identify new hypothesis about the biological behavior of the cells in response to this stimulus. The data that was provided with the corresponding publication is now used as an input for GRN2SBML to encode the derived network in SBML.
At first, the R-package and the data from the publication is loaded. In order for this example to work, you have to set the working directory using the setwd-command. ExTILAR provides the possibility to use more then one perturbation in a single model. Therefor, the perturbations encoded in MathML together with their corresponding name are stored in a matrix.
Subsequently, the scaled expression data that was used for the inference will be extracted and stored. This way, the measurements can be imported in tools such as SBMLsimulator for further analysis. Simply drag and drop the single .csv files into the SBMLsimulator GUI.
write. Figure 1 : The GUI of GRN2SBML is devided into five panels that process the different aspects of GRNs. The Model tab collects information about the network and the underlying model. Besides the loading of the network itself the corresponding algorithm and time scale can be specified. If the algorithm-specific parser implements multiple ways of encoding (i.e., by supporting different SBML levels), the model type can be selected by the user. Depending on whether or not the SBML layout checkbox is selected, layout information is included in the SBML model based on the information given in the SBML layout extension panel. Here, organism specific annotation can be added by querying the corresponding marts of the BioMart Central Portal or by loading the information from user specified text files. The obtained annotation is then displayed in the last column of the annotation table. By specifying the resource using either MIRIAM-Registry unique URIs or by manual supplying the annotation source, the information is added to the network by pressing the Add annotation-Button. For this example, Select the mart Ensembl Genes 69 (WTSI, UK) (gene_ensembl_config), the dataset Mus musculus genes (NCBIM37), the source identifier MGI symbol and the target identifier NCBI Gene.
Figure 4:
The Annotation -Relations panel collects information about the relations of the network. Just like in the Annotation-Species-panel, the user can load annotation such as PubMed-IDs to reference knowledge about the relations in the network. This information is loaded from text files or manually by editing the last column of the table. In the latter case, the annotation-resource can be specified manually or by selecting the corresponding URI from the MIRIAM-Registry.
Figure 5:
The SBML layout -extension panel collects information necessary to create additional layouts of the model using the SBML layout extension. In this tab, the default dimensions for the available layoutcomponents can be specified as well as the position of the single species in the network. If the X-and Ycoordinate of the position is set to -1 the corresponding species will be placed automatically in the layout in a grid-like fashion. However, there is currently no advanced automatic layout procedure implemented since graphical editing is not the focus of GRN2SBML.
Once the network is sufficiently annotated it can be exported to SBML and stored in an XML-file. Additionally, the latest version of the SBMLsimulator can be started from the internet via JavaTM web start automatically importing the encoded model. The network structure can be easily visualized using Cytoscape with the CySBML plugin, which is also based on the JSBML library. Figure 6 outlines the visualized network using Cytoscape. Due to the basic model annotation using SBO-terms visualizationstyles can be applied that automatically shape and color the network components according to their properties.
Figure 6:
Visualization of the ExTILAR inferred transcription factor network using Cytoscape. Due to the adequate annotation of the species and interactions in the network with the corresponding SBO-terms automatic layouts can be applied that allow users to get an overview of the networks.
By selecting the single nodes in the network, species and relation annotation that was added by the user becomes accessible accurately describing the single components (Figure 7 ). This helps users to understand and interpret the network in the intended way. 
NetGenerator
The second example illustrates the encoding of the GRN that was published by Weber et al in the NetGenerator V2.0 publication [5] . The network describes the change of expression of genes that are important for the differentiation of chondrocytes. In this paper, a new approach was proposed, which uses a multi-stimuli multi-experiment dataset for the inference of the network. In the two underlying experiments, human mesenchymal stem cells were treated with either TGF-beta1 or TGF-beta1+BMP2. After treatment, cellular response was measured with microarrays at 11 different time points. Both datasets were used simultaneously to infer one GRN that is able to simulate the experiment-specific change of expression for the selected network genes. Please note that you have to substitute the correspondingly. The first command loads the objects that are returned by NetGenerator as a result of the program and contain all relevant information including the inferred network. The geneNetOpt-object, along with annotation data for the network model is then used to create the input object for GRN2SBML. To give an example how to automatically add multiple authors to a model we included the second author of the paper. Subsequently, the experimental data that was used for the inference is stored as a csv-file which can be imported and displayed by the SBMLsimulator. The last command starts GRN2SBML and passes all information contained in the input object as parameters to the java application. Using GRN2SBML, the encoded network contains both stimuli as an input. Figure 9 shows the GRN that was visualized using Cytoscape. Using SBMLsimulator, the weights of the edges that connect the stimuli with the target genes can be individually set to zero, thereby allowing to reproduce the experimentally measured data. This is outlined in figure 10 . While figure 10 A contains the simulated expression profiles using the TGF-beta stimulus only, figure 10 B shows the simulated expression profiles of the same two genes under the influence of TGF-beta+BMP2 stimulation. 
TILAR
Along with the TILAR algorithm, Hecker et al. published a GRN modeling the transcriptional regulation in response to the antirheumatic drug etanercept [6] . This GRN will be used to show how GRN2SBML is operated from the command line without using the GUI. Therefore, additional annotation information for the species in the form of GO-terms and NCBI gene IDs is stored in text files which are passed to GRN2SBML as a command line parameter. The available parameters and their description are outlined in table 1. The complete program call is shown below. Please note that you have to substitute the correspondingly. 
